Microorganisms were tested for production of cephalosporin acylase . Some bacteria showed strong acylase activity for all of cephalexin, cephaloridine, cephalotin, penicillin G and ampicillin. Some showed a rather specific activity for cephalexin . Pseudomonas melanogenum KY 3987 showed specific activity only for cephalexin and ampicillin which contain a side chain of D-phenylglycine. Most of these acylase-producing bacteria had the ability to synthesize cephalexin and other cephalosporins from 7-aminocephem compounds and organic acid esters. Among them, Khryvera citrophila KY 7844 was one of the most promising organisms for enzymatic synthesis of cephalosporins. This organism had the ability to catalyze Nacylation of 7-aminocephem compound not only with a-amino acid ester, but also with such acid esters as 1-(1 H)-tetrazolylacetate methylester which has no a-amino group.
We describe here the finding that Kluyvera citrophila acylase has a broad substrate speci ficity and was able to catalyze N-acylation of 7-aminocephem compound not only with a-amino acid ester, but also with such acid ester as 1-(1H)-tetrazolylacetate methyl ester which has no a-amino group.
MATERIALS AND METHODS
Drugs. Sodium benzylpenicillin (PCG, Banyu Seiyaku Co., Ltd.), 6-aminopenicillanic acid (6-APA), and aminobenzylpenicillin (APC, Kyowa Hakko Kogyo Co., Ltd.), cephazolin (CEZ, Fujisawa Yakuhin Co., Ltd.), cephaloridine (CER), cephalotin (CET) and cephalexin (CEX, Torii Yakuhin Co., Ltd.) were pur chased from commercial sources. Cephalosporin C (CSC) and 7-aminocephalosporanic acid (7-ACA) were kindly supplied by Dr. R.J. Hosley of the Lilly Research Laboratory (U.S.A.). D-Phenylglycine methyl ester, D -tienylglycine methyl ester, 1-(1H)-and 2-(2H)-tetrazolylacetate methyl ester, threo-and erythro-D pnitrophenylserine methyl ester and L-DOPA methyl ester were prepared by Drs. Uzu, Mori, Nakano and Masuike in our laboratory.
Preparation of 1-(1H)-and 2-(2H)-tetrazolylacetate methyl ester. A solution of methyl bromoacetate (6.56 g, 42.8mM) in 20 ml of acetone was added to a mixture of 1H-tetrazole (3.0g, 42.8mm) and triethyl amine (4.33g, 42.8mm) in 20 ml of acetone. The reac- Chromophores of samples were formed by Marrelli's method.") The reaction mixture components were added by transfer pipette to a test tube in the following order: 2.0ml of a sample solution, 0.1ml of formic acid, 1.0ml of 2% citrate in 0.8N NaOH, and 0.5 ml of 5% ninhydrin in methylcellosolve.
The com ponent were mixed thoroughly and the absorbance of each solution was determined using 1.0 cm glass cells, after a 15min incubation at 22°C. The reaction mixture consisted of 2 mg/ml of 6-APA or 7-ACA, 4mg/ml of D-phenylglycine methylester and 20 O.D.660nm/ml of KY 7844 cells was incubated for 2 hr at 37°C. The supernatant of the reaction mixture was chromatographed on Toyo Roshi No. 50 paper with a solvent (n-butanol: acetic acid: water/ 4: 1: 2). APC and CEG produced were detected by bioautography. 6-APA and 7-ACA were treated with phenylacetylchloride22) on the paper to produce each benzylated compound which has an increased antibacterial activity in order to enable to detect them by bioautography (Fig. 4, right) classified into two types: fungal type and bacterial type."' The former acylase hydroly zes phenoxypenicillin much more rapidly than benzylpenicillin and the latter hyrolyzes ben zylpenicillin much more rapidly than phenoxy penicillin. Acylase-producing microorganisms were tested for substrate specificity (Table II) . Hydrolytic activity and synthetic activity of acylase were measured by Marreli's method"' and the cup dilution method, respectively, as described in MATERIALS AND METHODS. Bacte ria in group A showed strong hydrolytic activity for all of CEX, CER, CET, PCG and APC and synthetic activity of CEX. Interestingly, Pseudomonas melanogenum KY 3987 (group B) showed specific activity only for CEX and APC which contained a side chain of Dphenylglycine.23) Some bacteria (group C) showed rather specificity for CEX. Most of these acylaseproducing bacteria showed the synthetic ability of CEX and other cephalo sporins from 7-aminocephem compounds and organic acid esters. Among them, Kluyvera citrophila KY 7844 was one of the most pro mising organisms for enzymatic synthesis of cephalosporins.
Enzymatic synthesis of cephalosporins
We reported previously"-"' that Kluyvera citrophila KY 3641 showed a potent synthetic ability of APC from 6-APA and D-phenylgly cine methylester. Kluyvera citrophila KY 7844 is one of the mutants derived from KY 3641. The products were identical with authentic samples. Takahashi et al." I named acylase of the family Pseudomonadaceae "a-amino acid ester hydrolase" because of the essential requirement for a-amino group in organic acid ester as a substrate. However, Kluyvera acylase has a broad substrate specificity and was able to catalyze N-acylation of 7-amino cephem compounds not only with a-amino acid esters, but also with such acid esters as 1-(1 H)-tetrazolylacetate methyl ester and nico tinic acid methyl ester which have no a-amino group (Table III) . (Table  III) . In all three N-acylated 7-ADCAPs, the antimicrobial activity (MIC) increased as compared with 7-ADCAP, but they were less active against both grampositive and gram-negative bacteria than CER (Table IV) .
Acylase reaction by K. citrophila cells The optimal pH reaction at 37°C was 7.5 for hydrolysis of CEX and 6.5 for synthesis of CEX by K. citrophila KY 7844 cells. Figure 8 and Fig. 9 show the effect of cell concentrations on hydrolysis and synthesis of CEX, respectively. Higher cell concentra tions increased initial rate of reaction. At a cell concentration of 25 O.D.860 nm/ml, a maximum reaction occurred at 4 hr for hy drolysis and at 1.5 hr for synthesis of tion. Cephalosporins and 6-APA showed some repressive effect on acylase production (unpublished observation).
